Servicz through Science

(THAWL)
CoDE)

%IVD

[

. -

-16889

N69-

09 MUOJ ALINIDVA

z
Q
<
1 3
o
»®
3
-
[ 4
o
v
<
3

DETERMINATION OF THERMODYNAMIC
PROPERTIES OF AEROZINE-50

Appendix D to Final Report

by

JOSEPH P. COPELAND
JOHN A. SIMMONS

for

Manned Spacecraft Center
National Aeronautics and Space Administration

Contract No.NAS9-6720

— Atlantic Research Corporation
A Division of The Susquehanna Corporation
Shirley Highway at Edsall Road
Alexandria, Virginia 22314

May 8, 1968

ATLANTIC RESEARCH



NASA € F24e%

DETERMINATION OF THERMODYNAMIC
PROPERTIES OF AEROZINE-50

Appendix D to Final Report

by

JOSEPH P. COPELAND
JOHN A. SIMMONS

for

Manned Spacecrai't Center
National Aeronautics anu Snace Administration

Contract No.NAS9-6720

Atlantic Research Ccrporation
A Division of The Susquehanna Corporation
Shirley Highway at Edsall Rocd
Alexandria, Virginia 22314

May 8, 1968



LIST OF TABLES
TITLE

NOMENCLATURE  ====-= === == ommmmmmmmmmm oo oo cmcmmos e o e e
SOLID REGION ===m=m o mmm oo e oo
SOLID-LIQUID REGION ==--mmmmmmmmmmmmmmmmmmmmmmmmcm e e
$=V,L=V BOUNDARY ==--mmm = mmmmmmmmemm oo oo e
SOLID-VAPOR REGION === -==mmmmmmmmmmoo o ommmmmc oo e
SOLID-VAPOR REGION (FOR ONE POUND A-50) =-------=-=cmmmccmmm--
A-50 LIQUID ====m==mmmmmmmmmmmmmm oo mmeeooooeoee -
LIQUID=VAPOR REGION ====mmm === mmmmmmmmmommmcoocmmm e
LIQUID-VAPOR REGION (FOR ONE POUND A-50) ----=--==cmmmmmmmmoee
A-50 VAPOR ====-=mmmmmm s mmmm e oo mm e mmemmememe o



Figure
Number

D-1
D-2
D-3

LIST OF FIGURES

Title Page
Number
Phase Diagram for Aerozine-50 ------~--=c-concn ——-- D-52
Temperature-Entropy Diagram for Aerozine-50 ------ D-53
Pressure-Enthalpy Diagram for Aerozine-50 -~------- D-54



APPENDIX D

This appendix contains tables of thermodynamic properties and
skeletal thermodynamic diagrams for Aerozine-50. For the condensed phase
regions, values are Tisted at various temperatures along the solid-vapor or
liquid-vapor boundary only, since the pressure dependency with these regions
is negligible. For the liquid-vapor and solid-vapor regions, values are
listed at selected temperatures for the bordering condensed phase and vapor
boundaries and for selected values of pressure within the regions. Two sets
of tatles are included for each of these regions. In one set, the values of
volume, enthalpy, and entropy are expressed for one pound of phase. In the
second set, the values are expressed for one pound of two-phase mixture and
a total composition of 50 percent by weight of UDMH. For the vapor region,
property values are listed for selected temperatures along the dew point
curve, and for temperatures in the superheat region. The nomenclature and
units for the properties used in the Tables are defined in Table D-1.



TABLE D-1

NOMENCLATURE

H(]) - total enthalpy, Btu/1b A-50

HL - enthalpy of liquid phase, Btu/1b of liquid
HS - enthalpy of solid phase, Btu/1b of solid

HV - enthalpy of vapor phase, Btu/1b of vapor

L - Tiquid mass, 1b of liquid/1b A-50

S(]) - total entropy, Btu/°F-(1b A-50)

SL - entropy of liquid phase, Btu/°F - 1b of liquid
SS - entropy of solid phase, Btu/°F - 1b of solid
Sy - entropy of vapor phase, Btu/°F - 1b of vapor
V(]) - total volume, cu. ft./1b A-50

VL - volume of liquid phase, cu.ft./1b of liquid
'S - volume of solid phase, c.ft./1b of solid

VvV - volume of vapor phase, cu. ft./1b of vapor
WV - vapor mass, Ib vapor/1b A-50

- mass fraction UDMH in liquid phase, 1b UDMH/1b liquid
- mass fraction UDM{ in vapor phase, 1b UDMH/1b vapor.

(])For the table for the liquid region only V, H and S for the equilibrium
vapor phase are expressed per pound of vapor.

D-2
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